In the proposed SLAC afterburner 1 experiment a 7 meter long plasma source with a density of 2 x 10 16 cm" 3 is required. Since such a plasma source has never been operated at the required repetition rate of at least 1 Hz, we outline one possible way to make such a source.
In this idea a low energy relativistic electron beam collisionally ionizes a column of low z gas. The propagation of the electron beam through this gas is achieved by propagating this beam through a low density plasma produced by single photon photo-ionization of an additive gas with a low ionization energy.
For the sake of illustration we consider the ETA/ATA accelerator parameters as the characteristics for the ionizing beam. The primary gas is hydrogen with a fill pressure of about 10 Torr corresponding to a peak neutral density of 3 x 10 17 cm~3. The electron beam is focussed to a radius of 1 mm at the entrance of the plasma column. The beam density is typically 6 x 10 13 cm"
3
. To transport this beam without spreading one will have to rely on plasma column focusing. In other words the beam will have to see plasma focusing force that will balance its spreading due to emittance and space-charge. Thus rie ~10
13 cm" 3 density plasma will have to be preformed using ionization of an easily ionizable organic molecule such as TMAE using a laser beam. Now we will consider the ionization of the hydrogen by the beam. The ionization cross section is Where n p is the plasma density, n g is the neutral gas density, nb is the beam density and dn = n g n b a i c (2) dt c the speed of light.
Assuming that the ionizing beam is gaussian of the form where ^= z-ct and N= total number of electrons in the beam, we obtain (4) z And the maximum density Substituting for N = 1.8 x 10 , a r = 1 mm, n g = 3 x 10 cm~3 and GI = 5 x 10~1 9 cm 2 , one obtain n p max = 2.7 x 10 16 cm~3. This is in the ballpark of the desired density. Of course in order to produce a uniform 1 mm radius plasma column one should spoil the emittance of the electron beam such that the equilibrium spot size is 1 mm.
